Clues to the nature of the A*(1700) resonance from pion- and photon-induced reactions 
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We make a study of the Tr^p -» ifVA, n+p K+n+A, K+K°p, K+h+TP, 74'+7r°E+, and »77r+p 
reactions, in which the basic dynamics is given by the excitation of the A* (1700) resonance which 
subsequently decays into _fS'E*(1385) or A(1232)r;. In a similar way we also study the 7p — > Jf^yr^A, 
A'+7r-E+, /f+Tr+E", A'°7r°E+, and rj-K p related reactions. The cross sections are proportional to 
the square of the coupUng of A* (1700) to T.* K (Arj) for which there is no experimental information 
but which is provided in the context of coupled channels chiral unitary theory where the A* (1700) 
is dynamically generated. Within present theoretical and experimental uncertainties one can claim 
a global qualitative agreement between theory and experiment. We provide a list of items which 
need to be improved in order to make further progress along these lines. 

PACS numbers: 24.10.Eq, 14.20.Gk, 13.75.-n 



I. INTRODUCTION 



The history of the dynamically generated resonances, which appear in the solution of the meson-meson or meson- 
, baryon coupled channel Lippmann-Schwinger equation (LSE) with some interaction potential, is quite old. One of 
^ ' the typical examples is the A(1405) resonance which appears naturally in coupled channels containing the ttS and 
[ KN channels P, y] ■ The advent of unitary extensions of chiral perturbation theory has brought more systematics into 

■ this approach with chiral Lagrangians providing the kernel, or potential, for the LSE or its relativistic counterpart, 
' the Bethe Salpeter equation (BSE) which is more often used. In this sense the A(1405) has been revisited from this 

■ new perspective and at the same time new resonances like the A^*(1535), A(1670), etc. have been claimed to be also 
' dynamically generated 0, 0, IE IE S B S ^1 ■ Actually, one of the surprises along these lines was the realization that 

(<•->) , the chiral theory predicted the presence of two nearby / = 0, S* = — 1 poles close to the nominal A(1405) mass, such 
that the physical resonance would be a superposition of the two states 0, 0| . Recent work including also the effect 
of higher order Lagrangians in the kernel of the BSE [Hill 13 also find two poles in that channel, one of them with 
a large width [T^. Interestingly, recent measurements of the K~p Tr^Tr^S*^ reaction ^E| show the excitation of the 
O \ A(1405) in the tt^E" invariant mass, peaking around 1420 MeV and with a smaller width than the nominal one of the 
^ . PDG 01 . An analysis of this reaction and comparison with the data of |T3| from the 7r~p K^nT, reaction led the 
^ ' authors of Ref. [T9i | to conclude that the combined experimental information of these two reactions provided evidence 
of the existence of two A(1405) states. 

More recent work has extended the number of dynamically generated resonances to the low lying 3/2^ resonances 
. , which appear from the interaction of the octet of pseudoscalar mesons with the decuplet of baryons ^E ^3 • One 
of the resonances that appears qualitatively as dynamically generated is the A(1520), built up from 7rS*(1385) and 
" ■ ' A'S*n 530) channels, although the necessary coupling to the ttE and KN channels makes the picture more complicated 
|22ll23| . A more detailed discussion on the meaning of the dynamically generated resonances, its physical interpretation 




FIG. 1: Tree level contribution for the 7p K n E reaction. 
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and the technical details on how to produce them can be seen in Sec. II of the pap er 241 . 

Another 3/2~ resonance which appears in the same scheme is the A*(1700), and in |23| the couplings of the resonance 
to the coupled channels Att, I]*!^, and At] were calculated. The couplings Qi are 1.0, 3.4, and 2.2, respectively, for 
these channels. It is interesting to note the large strength of the coupling to the T,*K channel. Due to this, it was 
found in Ref. that the — > K^n^Y,^ reaction was dominated by the mechanisms shown in Fig. ^ where the 
A*(1700) is excited by the photon and decays into K'^Y,*^ and the S*+ subsequently decays into 7r*'l]+. Since the cross 
section for this reaction is proportional to (gA*A:s*)^, the agreement of the predicted cross section with experiment 
would provide support for the coupling provided by the theory with the assumption of the A* (1700) as a dynamically 
generated resonance. The experiment for this reaction has been performed at ELSA and is presently under analysis. 
Preliminary results presented in the NSTAR05 workshop agree with the theoretical predictions. 

We would like to stress the fact that the couplings predicted by the theory based on the dynamical nature of 
the A* (1700) resonance are by no means trivial. Indeed, should we assume that the A* (1700) belongs to an SU{3) 
decuplet as suggested in the PDG (table 14.5) ^3 it is easy to see that the couplings to the Att, T,*K, Arj states in 
1 — 3/2 are proportional to y^5/8, ■\/l/4, -^/l/S, respectively. The squares of these coefficients are proportional to 1, 
2/5, 1/5, respectively, compared to the squares of the coefficients of the dynamically generated resonance, 1, 11.56, 
4.84. It was noted in |21| that the strength of the Att coupling of the dynamically generated model was consistent with 
the experimental branching ratio of the A* (1700) . Hence, this means that the dynamically generated model produces 
considerable strength for the 'S*K and At; channels in absolute terms. With respect to the decuplet assumption of the 
PDG one obtains factors 27.5 and 24 larger for the square of the couplings to 'S*K and Ar], respectively. These large 
couplings indicate that, even if the A* (1700) resonance is somewhat sub-threshold for the ttN Y*K and ttN Ar] 
reactions, the combination of these couplings and the A*(1700) width (^ 300 MeV) should make this resonance play 
an important role in those reactions close to their thresholds. 

It is clear that ultimately it is the consistency of the predictions of the theoretical models that builds up support 
for the theory. Hence, it is straightforward to suggest an additional reaction with a similar mechanism as in Fig. ^ 
but rather with the E* — > ttA decay. Since the branching ratio for ttA decay of the E* is 88%, the cross section would 
be reasonably larger than for 7p JC°7r''E+ and one would have extra tests for the model. 

Additional tests can be also done with the related reactions, tt~p — > i^T^Tr^A and all the other pion-induced reactions 
mentioned in the abstract, for which some data on cross sections are already available [H, 123 12^ 113 ■ It is quite 
interesting to recall that in the theoretical model studied in which was based on the excitation of the A(1405), 

the K^K~p, K'^K^n, X'^tt+E", and K°Tr~T,~^ channels were reproduced within 25%, while the cross section for 
the K'^tt^A channel predicted was 6 /xb compared to the 104 ± 8 /zb of the experiment. The lack of the E*(1385) 
resonance in the model of |3ll |. which relied upon the final state interaction of the particles to generate dynamically 
the resonances, did not allow one to make a realistic approach for the i^'^Tr'^A final state, which in was shown to 
be dominated by /ST^E**' production. The E*(1385), as all the other elements of the decuplet of the A(1232), does 
not qualify as a dynamically generated resonance, and is indeed a building block to generate other resonances like the 
A* (1520) or A* (1700). 

While at the time of the information on the A* (1700) A'E* coupling was not available, the works of pol[2ll|. 
and particularly where the coupling is evaluated, have opened the door to tackle this reaction and this is one of 
the aims of the present work. 

The data for the n'p K°tt°A reaction from [ll| is at = 2020 MeV which is about 320 MeV above the 
A* (1700) peak, potentially too far away to claim dominance of the A* (1700), but there are also data at lower energies 
miill around ^/s = 1930-1980 MeV. On the other hand there are data 1^113 for other reactions, ir+p AT+tt+A, 
TT+p Ar+7r+E°, TT+p AT+TT^E"'', and 7r+p rjir^p at energies around ^/s = 1800 MeV which allow us to make 
a more direct comparison with the theoretical predictions. In the next section we study these reactions. Similarly, 
there are also some data for the 7p — > AT^tt+A, A'+7r^E+, A'+7r+E~ reactions |33. ISa. Isij and we shall also address 
them in the same context. 



II. THE MODEL FOR THE vrp KnA, AttE, KKN, rinN REACTIONS 

In the work of on the jp A'"7r°E+ reaction, the diagram of Fig. ^was evaluated together with many loop 
diagrams involving rescattering of the ATE state which are the building blocks together with ttN and others of the 
N*{1535) resonance. It was found there that the tree level diagram was dominant. For energies of ^/s = 2000 MeV, 
hence 300 MeV above the A* (1700) nominal mass, the loop terms could provide a contribution of about 30% with large 
uncertainties. On the other hand the results obtained for the cross section find support in preliminary experimental 
results presented at the NSTAR05 workshop With this information at hand we have good justification to 

propose that the dominant mechanism for the ir^p AT^tt^A, tt~^p A'+tt+A, K^K'^p, AT+tt+E", A'+7r"E+, and 
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FIG. 2: Tree level contributions for the pion-induced strangeness production via the A* (1700) 



r]TT~^p reactions is given by the diagrams of Fig. El 

All the elements of these diagrams are at hand from the works of |^ . The new information needed here is the 
ttN coupling to the A* (1700) which is not an ingredient of the building blocks in the studies of 113,1^ that only take 
into account the interaction of the octet of pscudoscalar mesons with the decuplet of baryons. Thus, we take this 
information from experiment by looking at the branching ratio in the PDG [T^ . In spite of the larger phase space for 
decay into this channel the branching ratio to ttN is only 10-20%. 

By taking into account that the coupling of TriV to A*(1700)(3/2^) is in d-wave, the structure of the A*ttN vertex 
is most conveniently written as 

- itA-Hnm^^N - -igi^L' C(l/2 2 3/2; m, M ~ m) Y* (1) 

as in Ref. (see their Eq. (25)) to account for the A* (1520) ttS coupling. In Eq. ^ the Clebsch Gordan 
coefficient accounts for the matrix element of the rank two spin operator needed to couple the spherical harmonic 
Y2 to a scalar. The quantities M, m are the third components of the spin of the A* and the nucleon and k is the 
momentum of the pion. The TriV state is in / = 3/2. 

With the paramctrization of Eq. the partial decay width of the A* to ttN is written as 

Ta.^.^ = K. (2) 

By taking the width of the A*, Fa* = 300 ± 100 MeV, and the nN branching ratio of 15 ± 5% and summing the 
errors in quadrature we obtain the value 

sIIIa- =0.94 ±0.20 (3) 

which will necessarily lead to uncertainties of the order of 50% in the cross section. Given the isos pin decomposition 
of the TT^p state in / = 1/2, 3/2, the coupling (^tttva* (in I ~ 3/2) has to be multiplied by ■\/l/3 to account for the 
coupling of the tt~p state to the A* and by —1 to account for the coupling of 7r+p to A*+"'' (although irrelevant for 
the cross section we use the isospin phase convention Itt"*") ~ — 11, 1)). This means 



(a) / [a) (a) ^a; / .x 

9iT-pA*° ~ y '^9ttNA*i ■97r+pA*++ ~ ~9tzNA*- 

There is another point worth noting which is that due to the d-wave character of the ttA^A* vertex, the coupling 
QttNA' implicitly incorporates fc^ for the on-shell value of the pion momentum in the A* ttN decay. When we 
extrapolate beyond the resonance energy, as will be the case here, we must then use 

g.NA' -> g.NA' (on shell) ^^(fcon j^) (5) 
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where BW{-) is the Blatt and WeisskopfF penetration factor |35ll36l l37j 

BW{x) = — (6) 

(9 + 3a;2 + a;4)i/2 

and R = 0.4 fm according to best fits of |3^ . 

The other coupUngs needed are those of the decuplet to the meson and baryon octets. For the vertices with I]*(1385) 
or A(1232) decay in the diagrams of Fig. [3 we use the chiral Lagrangian 

I, -- ,3 

C = C[ J2 ^abcT''u,AYBl+ ^"''KK.TadeU^]. (7) 

The Rarita-Schwinger fields u are defined as in |23| and tlie flavor tensor T is given in [s^- In Eq- 0, the quantity 
A^, which is proportional to the axial current, is expanded up to one meson field, 

$, B are the standard SU{i) matrices of the meson and baryon fields, and /^r = 93 MeV. The Lagrangian in Eq. 
O allows one to relate the ttAS* coupling to ttA^A. For the vertex one finds — it_B»^s$ = aS • q where 

_ 0.82 _ 0.82 f^NA 2V6 D + F 

a^.o^oA _ -— , as..^.+A - - ^ a^.+^KOp - — 

0.78 /ttna 0.78 JttNA JitNA 

with q the momentum of the outgoing meson in the S* or A rest frame and S the spin transition operator from 3/2 
to 1/2 normalized as 

{M\Sl\m) =C {1/2 1 3/2; nifiM). (10) 

For the /ttNA we take /ttWA = 2.13 to give the experimental A width. Note that SU{3) symmetry, implicit in Eq. 
(j^l, is not exact. In order to obtain the ex peri mental E* — > ttA, S* — > ttS widths one can fit the coupling C from Eq. 
(0) to the branching ratios from the PDG [l3| ■ This leads to a correction which appears as a numerical factor in Eq. 
0. For the S* KN decay which is physically closed we use a SU{6) quark model prediction [39l |. 

The couplings from of the A* (1700) to its s-wave decay channels are given for 7 = 3/2 and counting the isospin 
decomposition of iC°E*°, 7C+E*+, ryA, we find the couplings 

5kos*oA*o = 5ifE*A*, 5if+S* + A' + + = 3ifS*A*, g,,A + + A' + + = 5r)AA* ■ (H) 

Altogether, our amplitudes for the diagrams of Fig. |21 become 

« ^ 1 (d) BWjkR) 

— it = a S ■ q G := — -, r Qi <7. -, r 

^ - Ma. + ^SAik^ BW{k°-R) 

X C (1/2 2 3/2; m, M - m) Y^^ ™_M(k)(-l)'''"'"%/4^ (12) 

with A;°" the pion momentum in the TriV decay of the A*(1700) at rest. Depending on the process, G = l/(^ss« — 

Mb' +z/2rB.(yJi7)) is the S*(1385) or A(1232) propagator; a in Eq. lO is given by Eq. © and gj, ^ by Eqs. 
(|ll|l and respectively. 

For the momentum-dependent width of the S*(1385), we have taken into account the p-wave decays into ttA and 
ttE with their respective branching ratios of 88% and 12%. For the width of the A* (1700) we have included the 
dynamics of the decay into A* — > Np{Ntt'k) and A* A7r(A^7r7r) in the same way as in Ref. |2^. We introduce a 
novelty with respect to Ref. [2^ where the pN decay of the 7V*(1 520) , A*(1700) was considered in s-wave. In the case 
of the A* (1700) the d-wave pN decay is mentioned in the PDG [T^l as existing but with an undetermined strength. 
We have adopted here to take a pN strength in s-wave of 37%, and 5% for pN in d-wave after a fine tuning to the 
data. For energies close to the A* (1700) only the total width matters and this is about 300 MeV in our case. For the 
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width of the A* pN in d-wave we use the formula of Ref. [23 (the equation before Eq. (37)) by multiplying the 
numerator by i3VF(|qi — q2p) and one couphng is adjusted to get the 5% of the branching ratio used. 

We should mention here that having pN decay in s-wavc or d-wave produces large differences at energies around 
•y/s = 2 GeV and beyond, but only moderate differences close to the A* (1700) peak or 100-150 MeV above it. 

For the A* (1700) width from decay into ttN in d-wave, an additional Blatt-Weisskopff factor is applied to be 
consistent with Eq. |(SJ). With the partial width = 0.15 x 300 MeV, the width is given by [13] 

_ kBW^ikR)MA' 
i -TV - i .AT BW^k°-R) ^ ' 

and the total width is the sum of the partial widths of the decay modes. The same is done for the d-wave of the pN 
decay. 

Summing |ip from Eq. (|12|l over the final states, the sum docs not depend on the original proton polarization. We 
are free to choose m = 1/2 in which case the amplitude of Eq. H12() becomes 

_-.JLr I (rf) BWjk^R) j 2g. ;m' = +l/2 

VS"^ + ^^^^^ BWiko^R) \-{q^+ ^qy) ; m' = -1/2. ^''^ 

In the sum of |tp over the final states of A with m' = 1/2,-1/2 the part corresponding to the curly bracket in Eq. 
(|14|l will become 

+ ql + ql^ Ml + q' (15) 

which gives an angular distribution proportional to (3cos^ + 1) in the angle of the outgoing meson from the S* or 
A decay with respect to the initial tt" direction for this initial proton polarization. When integrating over angles Eq. 
()15|l can be replaced by 2q^. For the first reaction from Fig. |21the (tt^A) invariant mass distribution is then given by 

^ MpMf, grr^QK" U|2 /-.f^N 

dA/j(7rOA) " X^/^s,ml,M^) {l-^f^s^^^ ' ^ ' 

in terms of the ordinary Kallen function A^/^ and t from Eq. (|14|1 . q^a = A^/^(s, Af|, m^o)/(2y^), q = q^a = 
A^/^(M|, m^o, M^)/(2Af/). Furthermore, the variables in Eq. take the values ^sa* = \/s, ^fS^* ~ Mi and the 
total cross section is given by integrating over Af/ in Eq. H16() . The generalization to other channels is straightforward 
by changing the masses and corresponding momenta. 



III. THE MODEL FOR THE 7p ^ K-kK, fcyrS, REACTIONS 



The photon coupling to the A*(1700) resonance is taken from j25|,|40j. The processes 7p i^T^Tr+A, i4r+7r~I]+, 
i^T+TT+S^, K^t^PYj'^ ^ TyTT^p are given by diagrams similar to those of Fig. |21with the incoming pion replaced by the 
photon. In view of this it is very easy to modify the pion-induced amplitudes of the previous section to write the 
photon-induced ones. The contributions for the first four reactions are given by 
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which follows from Eq. (49) from Ref. by applying the corresponding changes in isospin factors and corrections 
due to SUii) breaking in the E*(1385) decay similar as in Eq. (PJ. Cross sections and invariant masses for the photon 
reactions are given by Eq. (|16|l with the corresponding changes in masses (e.g., 7717^ ^ in A^/^). For the 7p r/n^p 
reaction we replace the factor before the brackets in Eq. (|17f) by 



g?7AA* ^^^^^ Ga'{Vsa^) Ga(V^)- 



(19) 
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FIG. 3: Total cross sections for the pion-induced reactions. Data are from (triangles up), 12^ (triangle down), (cross) , 
[29! (dots), [s^l (diamonds). For the latter data, it is indicated that these are upper limits below p = 1.67 GeV as in Ref. 



The 7p r\-K^ and 7p K^-k^Yt^ reactions have been derived in Ref. [2^. Besides the tree level amplitudes there 
are one-loop transitions between A*(1700) and another dynamically generated resonance, the A^*(1535). The latter 
terms are not important at the high energies in which we are currently interested because the TV* (1535) is off-shell. 



IV. RESULTS AND DISCUSSION 



In Figs. OltolSlwe show the results for the pion- and photon-induced reactions. In Fig. Owe show the cross sections 
for the TT^p A'^^TT^A, 7r+p — > A'+tt+A, 7r+p K+K°p, n+p K+t:+T,°, 7r+p K+'k°Y^+, and ir+p rjir+p 
reactions. The theoretical results are plotted in terms of a band. This band corresponds to taking the ttNA* coupling 
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FIG. 4: Invariant mass spectra for the tt p — > _fS'''7r''A and Tv'^p — > /f^yr^A reactions. Experimental distributions (arbitrary 
units) are from [2^ and [29l |. respectively. 

with its uncertainties (from the experimental branching ratio ) quoted in Eq. (jS)). 

Much of the data in Fig. |2|are for energies y/s > 1950 MeV, which, even taking into account the 300 MeV width of 
the A* (1700), are relatively far away from the A* (1700) peak. In a situation like this it is logical to assume that other 
channels not related to the A* (1700) could also play a role. Indeed, other partial waves in ttN scattering are equally 
important in this energy region [4ll |42||. However, there are reasons to assume that they do not couple strongly to 
the KttA, KttH, in the final state at the lower energies, as we shall discuss at the end of this section. In any case, even 
at the higher energies, the order of magnitude predicted for the cross section is correct. 

For the Tr~p K^tt^A reaction we have data around y/s = 1930 MeV and the theory agrees with those data. 
Furthermore, as we can see in the 7r°A mass spectrum is totally dominated by the S*(1385) and, as shown in Fig. 
21 (a) , the theoretical prediction s ag ree with these data. It is also very instructive to see that the angular distribution 
of the S* is practically flat p3. l43|| . as our model predicts, given the s-wavc coupling of the A* (1700) to KT,* . 

Next we discuss the cross section for the Tr+p i^+Tr+A reaction. The range of energies extends now from about 
y/s = 1800 MeV on. We can see that the order of magnitude of the cross sections from the theoretical band is 
correct, although the theoretical prediction is more than a factor of two bigger than data at around y/s = 1900 MeV. 
Yet, this apparently large difference should be viewed in perspective, which is provided by the cross section of the 
TT+p if+TT+E'^ and ir^p if+7r°E+ reactions. Indeed, given the larger coupling of the I]*(1385) resonance to ttA, 
with a branching ratio to this latter channel about one order of magnitude larger than for ttS, the mechanism that we 
have should provide a cross section for the 7r+p A'+tt+A reaction about one order of magnitude bigger than for the 
TT+p — > if+TT+E" or TT+p — > K^TT^T,^ reactions. This is indeed the case, both in the theory and in the experiment. 
We can see that in the region of energies below ^/s < 1900 MeV the agreement of the theory with the data is fine at 
the qualitative level for these two latter reactions. We can also see that the first data point for the 7r+p /v+tt+A 
reaction is in agreement with the theoretical prediction (see the insert in Fig. (SJ 

The invariant mass spectra for different energies in the ir^p if+Tr+A reaction are shown in Fig. 01(b), (c). These 
curves can be directly compared to the data of Ref. the S*(1385) dominance in both theory and experiment is 
apparent. Note that, as mentioned in j^^, the excess of strength at the lower shoulder is partly a result of the finite 
experimental resolution [2M l29l | . 

In Fig. Olwe also plot the cross section for the 7r+p K'^K^p reaction. We can see that the predicted cross sections 
are quite low compared with experiment. This should be expected since our mechanism is doubly suppressed there, 
first from having the A* (1700) off shell, and second from also having off shell the I]*(1385) decaying into KN . It is 
thus not surprising that our mechanism produces these small cross sections. The E*(1385) is, however, not off shell 
for the ttE and ttA in the final state, and even at the low energies of the figure the mass distribution for these two 
particles is dominated by the E*(1385) in the theory, and this is also the case in the experiment as mentioned above. 

Finally, we also show in Fig. Othe cross section for the 7r+p rjir^p reaction. Here the mechanism is also A* (1700) 
production but it decays into riA{1232) followed by A(1232) ttN. The agreement of the theory with the data is 
fair for low energies, even more when we read the caution statement in the experimental paper [30j warning that the 
data are overestimated below piab = 1670 MeV. Once again it is worth noting that below piab = 1670 MeV the cross 
sections are a factor fifty larger than for 7r+p ii'+7r°E+ or ir^p AT+tt+E". The theory is producing these large 
order of magnitude changes in the cross sections correctly. 
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FIG. 5: Photoproduction of strange and 77 particles. Data are from [3^ (dots), [3^ (crosses), and [3^ (triangles up). The latter 
data are the sum of KAtt and KUtt final states. The two lower plots show the update of the predictions from Ref. (gray 
bands) compared to the results from l25t (solid lines). 



Next we discuss the photonuclcar cross sections. In Fig. Owe can see the cross sections for the jp K'^tt'^A, 
7P K^Tr~'E '^ , yp — > K^tt^Y.^ , K'^tt'^'E'^ and jp rjir^p reactions. For the first three reactions we have some 

data from [^^jESISl- Only a few data points appear in the region below -y/s — 1900 MeV and, furthermore, the data 
have large uncertainties, both in the magnitude of the cross section and in the value of ^/s. Nevertheless, the data 
are valuable in this global analysis that we are doing. In the first place we can see that within errors, the agreement 
of theory and experiment is fair. Yet, more significant is the ratio of more than one order of magnitude, both in the 
theory and experiment for the cross sections of the 7p rjir^p and the jp — > K'^tt^Yi^ or 7p K~^7t~Ti^ reactions. 
This follows the same trend as the 7r+p — > i]tt~^p and tt+p isT+Tr+E'' or 7r+p K^n'^Y'^ reactions discussed above, 
supporting also the dominance of the same mechanisms in the reactions. It is also worth noting that the dominance 
of the S*(1385) production for the ■fp K^tt^A reaction is also mentioned in Ref. [33 |. 
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In the figure we also plot the cross sections for the 7p ii'°7r°S+ and 7p rj-K^p reactions measured at ELSA and 
which are presently being analyzed |26l | . These latter two reactions were studied in |25j with far more detail including 
many more mechanisms. Yet, it was this detailed study that showed the dominance of the reaction mechanism 
considered in this paper. We also foimd there that around ^/s = 2000 MeV, the extra terms could modify the cross 
section by about 30 percent or more. For these two reactions we have taken the full model of We show now a 
band of values given by the uncertainties from the experimental hclicity amplitudes of the 7pA* transition |l7j for 
the cross section. Furthermore, we show that both cross sections have been reduced by about 30 percent with respect 
to those in [2^ as a consequence of the consideration of a more realistic A(1700) width, larger now and closer to the 
experimental 300 MeV, and in addition we have also taken a small fraction of the pN decay width in d-wave. These 
latter two cross sections are also in qualitative agreement with preliminary results for the cross sections as shown in 

The consideration of the different reactions, with the cross sections spanning nearly two orders of magnitude, 
and the global qualitative agreement found for all the different reactions, gives support to the reaction mechanism 
suggested here in which a A* (1700) resonance is excited which decays later on into KYi* or 77A. The predictions 
of the cross sections arc tied to the couplings of the A* (1700) resonance to the KTj* or 77A channels provided by 
the hypothesis that the A* (1700) is a dynamically generated resonance. Wc showed in the Introduction that the 
couplings to these channels were substantially different than those provided by a simple S't/(3) symmetry and there 
is hence substantial dynamical information from the underlying chiral dynamics and coupled-channels unitarity. In 
this respect the global analysis of these reactions offers support to the basic idea about the nature of the A* (1700) 
as a dynamically generated resonance. No doubt a more detailed theoretical analysis should consider extra terms, as 
done for instance in and also extra mechanisms beyond 200 or 300 MeV above the A* (1700) region. However, 
the global qualitative agreement, considering the large span of the different cross sections, and that a simple SU{i) 
symmetrical consideration would produce cross sections about a factor 30 different, indicate that the agreement found 
here is not a trivial thing. 

At this point we would like to make some comments about other contributions to some of the reactions discussed 
and related ones that we mention below. First we mention that in the case of the 7p — > K^-k~Y,'^ and 7p — > K^'it^Y,~ 
reactions there can be a contamination from the i4r+A(1405) production. This latter reaction was studied in 01 ^nd 
is presently investigated experimentally at SpringS/Osaka [43 ■ We have recalculated the cross section for 7p 
ii'+A(1405) with the model of and find that the cross sections are of the same order of magnitude, or smaller in 
the case of the 7p if+Tr+E" reaction, than those shown in Fig. [S] Given the qualitative use made of the cross 
sections for these two reactions in the discussion above, and the large errors in the data, the conclusions drawn arc not 
affected. Note also that for the 7p if "tt+A reaction the A(1405) production is not allowed and there the dominance 
of the S*(1385) production has stronger grounds. Note also that this latter reaction has a larger cross section than 
the other two from our if E* (1385) production mechanisms which should make potential extra contributions relatively 
smaller. 

Another possible mechanism can come from having the two mesons in a resonant state, the iir*(892). Yet, the 
reactions jp{'Kp) — > A* (1700) —> A'* A arc not allowed by isospin conservation, and precisely the reactions with A in 
the final state are those with the largest cross sections. The sequence A* (1700) — > K*Y, is possible and this can be a 
source of background for the reactions with lower cross sections. Of course we could also have ^p{'np) — s- A'*A without 
passing through a / = 3/2 channel and then this final state would also be allowed. However, note that the thresholds 
for the A'* A and A'*E production are 2007 MeV and 2089 MeV, respectively. Hence, for energies lower than these 
by 100 or 200 MeV this contribution should be highly suppressed. This is indeed an experimental fact as noted in 
|28l| . Yet, in some reactions the AT* A contamination is more visible than in others, for instance in the 7r~p — > Ar+7r~A 
reaction it is more apparent than for n^p i\"7r°A This could explain why our model is short by about 30% in 
the 7r~p Ar+7r~A reaction cross section at 1930 MeV |23 (not shown but also calculated) while it is good for the 
■K~p — !■ Ar°7r°A reaction. 

Similar comments can be made about the n^p A'+tt'^E" and 7r~p A'+tt^E" reactions which in our model 
go via iv+E*^ and, hence, can have / = 1/2,3/2 while the 7r+p AT+tt+E" and n^p — *■ Ar"*'7r°E+ reactions shown 
in Fig. 01 go through A'+E*+ and, hence, have only I = 3/2 and larger chances to couple to the A*(1700) . The 
Clebsch-Gordan coefficients of 7r+p A*++ or n^p A*° also favor the 7r+p reactions and indeed we find cross 
sections for the Tr~p — > if+Tr^E^ and ir^p — > A'+tt^E*' reactions substantially smaller (about one order of magnitude). 
With such smaller cross sections it should be expected that background terms become more relevant and, hence, these 
reactions are not considered for our tests. 

Finally, let us mention the possible contribution in the entrance channels of other resonances, apart from the 
A* (1700). The Af*(1700)A'i3 can be a candidate which would possibly affect the tt~p reactions but not the 7r+p 
reactions. In any case, the smaller width of the N* {1700)Di3 (50-150 MeV) does not give much chance for contributions 
at the threshold of the reactions. Other possible A^* or A* resonances in the regions of the energies below 2000 
MeV, considering their spin and parity, can be ruled out on the basis of the s-wave ATE* dominance experimentally 
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established in li^ . The only possible exception is the one-star A(1940)D33 resonance for which no KH* or 
77A(1232) decay channels are reported in spite of being allowed by phase space and, hence, it is not considered here. 

The experimental s-wave KYi* dominance at low energies served as support to our theory, but we should note that 
at -y/s = 2020 MeV in the ■K~p — *■ K^tt^ h. reaction, the s-wave KYi* dominance from the -Jl = 1930 data points pMli^ 
does no longer hold; in fact, the production angular distribution shows a forward peak |l8i | which is well described by 
i-channcl K* exchange in the framework of the Stodolsky-Sakurai model [l^ ■ Similarly, the forward peak for the high 
energies is observed in the tt~^p K~^tt^A reaction |29j . This docs not rule out our production mechanisms since the 
Weinberg- Tomozawa term used to generate the A* (1700) in the Bethc-Salpctcr equation (21J effectively accounts for 
a vector meson exchange in the ^-channel (in the limit of small momentum transfer). Improvements could be done 
in the theory to account explicitly for the finite momentum transfer dependence, as done in Q but, since this only 
affects the larger energies, we do not consider it here. 

V. CONCLUSIONS 

We have looked at several pion-induced and photon-induced reactions at energies above and close to the A* (1700) 
with KttA, KttY, and rinN in the final state. We have made a theoretical model assuming that a A* (1700) is excited 
and then decays via the ii'E*(1385) or 77A(1232) depending on the final state. We find that in spite of exploiting 
the tail of the resonance, around half of the width or one width above the nominal energy of the A* (1700), the cross 
sections obtained are sizable. The reason is the large couplings of the A*(1700) to the ii'I]*(1385) or 77A(1232) which 
are provided by the theory in which the A* (1700) is a dynamically generated resonance. We showed that the couplings 
squared to these channels were about 20-30 times bigger than estimated by simple SU(3) symmetry arguments. We 
could also see that the presence of the E*(1385) was clear in the experimental data with XttA, K-kY, final states, with 
little room for background at low energies, indicating a clear dominance of the ttA, ttE final states in the E*(1385) 
channel. Despite the admitted room for improvements in the theory, the qualitative global agreement of the different 
cross section with the data gives a strong support to the mechanisms proposed here and the strong couplings of the 
A* (1700) to the iiTE* (1385) or 77A(1232) channels. The agreement found is more significant when one realizes the 
large difference in magnitude of the different cross sections and the clear correlation of the theoretical predictions 
with the data. 

The results obtained are relevant because they rely upon the A* (1700) couplings to A'E* and r/A(1232) for which 
there is no experimental information, but which are provided by the theory in which the A* (1700) is dynamically 
generated. 

The next question arises on what could be done in the future to make a more quantitative calculation. A number 
of factors is needed to go forward in this direction: 

1. The experimental total width of the A* (1700) and the branching ratio to ttN and pN should be improved. The 
separation of the pN channel in s- and d- waves needs also to be performed if accurate predictions are to be 
done for 200-300 MeV above the A* (1700) resonance region. 

2. Experiments at lower energies, closer to the A* (1700) energy, for the photon- and pion-induced reactions dis- 
cussed, would be most welcome. There the A* (1700) excitation mechanism would be more dominant and one 
would reduce uncertainties from other possible background terms. 

3. Some improvements on the generation of the A*(1700), including extra channels to the ttA, KYi* , and 77A used 
in Refs. (20l i2Hi . like ■nN in d-wave and pN in s- and d- waves, would be most welcome, thus helping fine tune 
the present couphng of A* (1700) to A'E* and 77A provided by 

Awaiting progress in these directions, at the present time we could claim, that within admitted theoretical and 
experimental uncertainties, the present data for the large sample of pion and photon-induced reactions offer support 
for the large coupling of the A* (1700) resonance to KY* and 77A predicted by the chiral unitary approach for which 
there was no previous experimental information. 
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